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Purpose: We aimed to investigate the impact of nonsurgical periodontal treatment com- 
bined with one-year dietary supplementation w/ith omega (co)-3 on the serum levels of 
eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), docosapentaenoic acid (DPA), 
and arachidonic acid (AA). 

Method": Fifteen patients with chronic generalized periodontitis were treated with scaling 
and root planing. The test group consisted of seven patients (43.1 ±6.0 years) supplemented 
with (B-3, consisting of EPA plus DHA, three capsules, each of 300 mg of co-3 (180-mg 
EPA/1 20-mg DHA), for 12 months. The control group was composed of eight patients 
(46.1 + 11.6 years) that took a placebo capsule for 12 months. The periodontal examination 
and the serum levels of DPA, EPA, DHA, and AA were performed at baseline (TO), and 4 (T1), 
and 12 (T2) months after therapy. 

Results: In the test group, AA and DPA levels had been reduced significantly at Tl 
(P< 0.05). AA and EPA levels had been increased significantly atT2 (P< 0.05). The AEPA was 
significantly higher in the test compared to the placebo group at T2-T0 (P=0.02). The AA/ 
EPA had decreased significantly atTI and T2 relative to baseline (P<0.05). 
Conclusions: Nonsurgical periodontal treatment combined with (a-3 supplementation sig- 
nificantly increased the EPA levels and decreased the AA/EPA ratio in serum after one year 
follow-up. However, no effect on the clinical outcome of periodontal therapy was observed. 
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INTRODUCTION 



Tissue destruction in chronic periodontitis is caused by a hyperinflammatory reaction 
against the biofilm. The excessive production of inflammatory cytokines, arachidonic acid 
(AA)-derived eicosanoids from omega-6 long chain-polyunsaturated fatty acids (co-G LC- 
PUFA), and other proinflammatory agents play a key role in stimulating irreparable damage 
to host tissues and therefore activating the periodontal tissue breakdown [1]. Omega-3 and 
10-6 LC-PUFA-derivatives are involved in the inflammatory process: Most io-6-derived me- 
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diators aggravate inflammation, while co-3-derived mediators 
might display anti-inflammatory effects [2]. 

Clinical periodontal parameters, such as pocket depth and clini- 
cal attachment level (CAL), have been shown to have a significant 
positive correlation with LC-PUFAs [3], while experimental studies 
have failed to show any significant difference in the clinical out- 
come when cjj-3 LC-PUFA supplementation and placebo groups 
were compared [4]. Martinez et al. [4] also showed that nonsurgical 
periodontal treatment significantly reduces the serum levels of LC- 
PUFAs. According to Sijben and Calder [5], the co-6/co-3 balance 
could be useful in the prevention and control of periodontal dis- 
ease. However, only studies evaluating the effect of a)-3 LC-PUFA 
supplementation combined with low doses of aspirin as an adjunct 
to periodontal treatment have shown clinical improvements [6,7]. 

A lower a)-3 LC-PUFA intake associated with higher (jj-6/(j-3 
ratios has been observed in the Western population and might be 
related to a high prevalence of chronic diseases, including cancer, 
endometriosis, inflammatory and autoimmune diseases, cardiovas- 
cular disease, and chronic periodontitis [8-12]. The Food and Agri- 
culture Organization, in collaboration with the World Health Orga- 
nization (FAO/WHO) recently recommended a combined intake of 
cjj-3 LC-PUFA derivatives: eicosapentaenoic acid (EPA) and docosa- 
hexaenoic acid (DHA). The consumption of 250 mg/day was recom- 
mended to healthy subjects for disease prevention, whereas high 
consumption levels, such as 3 g/day, were recommended to reduce 
inflammation and other cardiovascular risk factors without adverse 
effects in short- and intermediate-term randomized trials [13]. 

Omega-3 LC-PUFA supplementation has been used to increase 
the serum levels of u)-3 LC-PUFA, which consequently produced a 
positive effect on the resolution of inflammation [6]. Tong et al. 
[14] observed that healthy patients supplemented with 3 g/day of 
fish oil for 1 month showed 6.5 times higher EPA levels compared 
to a placebo group. Dawczynski et al. [15] showed that cjj-3 LC- 
PUFA supplementation for 3 months significantly increased the 
serum levels of DHA and EPA in women with rheumatoid arthritis. 
We also showed that, after a period of 4 months' supplementation 
with (J-3 LC-PUFA, patients that received nonsurgical periodontal 
treatment sustained serum levels of EPA and DHA while AA was 
significantly reduced [4]. 

Since debate remains over the clinical periodontal outcomes af- 
ter supplementation with io-3 LC-PUFA and systematic reviews 
have suggested that longer follow-up periods are needed to con- 
firm a beneficial effect in several diseases [16-20], we aimed to in- 
vestigate the impact of nonsurgical periodontal treatment com- 
bined with one-year dietary supplementation with a)-3 on the se- 
rum levels of EPA, DHA, docosapentaenoic acid (DPA), and AA. 

MATERIALS AND METHODS 

Patient selection 

All included patients were seeking treatment at the Dental 
School of the Rio de Janeiro State University (UERJ), Rio de Janeiro, 



Brazil. The participants had at least 20 teeth and were diagnosed 
according to the criteria described by the American Academy of 
Periodontology [21]. The participants had no apparent ongoing 
systemic disease and were not taking any medication that could 
affect their periodontal conditions. They had not taken antibiotics 
for at least six months nor had they taken nonsteroidal anti-in- 
flammatory drugs for at least three months prior to starting the 
treatment in this study. Individuals taking LC-PUFA nutritional 
supplements were excluded. All individuals signed an informed 
consent prior to enrollment. The Ethics Committee of the Pedro 
Ernesto University Hospital (UERJ, Rio de Janeiro, Brazil) approved 
the study protocol (2,714/2,010). Fifteen patients with generalized 
chronic periodontitis (6 males and 9 females) participated in the 
study during 12 months. Seven generalized chronic periodontitis 
patients (mean age, 43.1 +6.0 years) composed the test group and 
were treated with scaling and root planing (SRP) combined with 
cjj-3 supplementation, three capsules/day, each of 300 mg of cjj-3 
(180 mg EPA/120 mg DHA; Quintaessencia, Rio de Janeiro, Brazil). 
The placebo group was composed of eight generalized chronic 
periodontitis patients (mean age, 46.1 ± 11.6 years) who received 
SRP and placebo (3 capsules/day; Quintaessencia). This study was 
considered a pilot randomized controlled double-blind trial. 

Omega-3 supplementation 

All generalized chronic periodontitis patients were randomly as- 
signed using a coin toss to receive one of the two treatments dur- 
ing 12 months. Each supplement capsule provided 300 mg of a)-3 
(180-mg EPA/1 20-mg DHA: Quintaessencia). The patients in the 
test group were instructed to take three capsules per day compris- 
ing a total of 900 mg w-3 per day. The patients in the placebo 
group received three placebo capsules per day with 450 mg of pla- 
cebo (Quintaessencia). Three containers, each one containing 30 
capsules, were delivered to the participants each month. Compli- 
ance was checked by the return of the empty capsule containers 
and by asking weekly about the supplement intake. The bottles 
were not decoded until all the follow-up evaluations and statisti- 
cal analyses had been performed to ensure a proper double-blind 
study protocol. Patients also answered a questionnaire about the 
occurrence of stomach upsets, gastrointestinal disorders, or other 
adverse events. 

Food frequency questionnaire and body mass index 

The food frequency questionnaire (FFQ) was answered during a 
face-to-face interview with an experienced nutritionist. The FFQ 
was recorded at baseline (TO) and again at four (Tl) and 12 (T2) 
months for test and placebo groups. The questionnaire was de- 
signed to capture the habitual food intake amongst adults, includ- 
ing questions concerning 30 food items, grouped together accord- 
ing to the Brazilian meal pattern. Items in the FFQ included an ex- 
tensive list of specific sea foods and fish, plus walnuts, flaxseed, 
flaxseed oil, cod liver oil, and canola oil. For each item, the catego- 
ries ranged from never to a number of times in each day, week, or 
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month. The patients were instructed not to change their diet dur- 
ing the trial. 

Nutritional status 

Total body mass was measured with a portable scale to the near- 
est 0.1 kg. The height was measured to the nearest 0.5 cm. From 
the weight and height values, the body mass index (BMI) was de- 
fined as the ratio between weight in kilograms and squared height 
in meters (total body mass/height^). The adequacy of the BMI was 
determined according to the WHO Expert Committee on Physical 
Status (eutrophic, 18.5-24.99 kg/m^' overweight, 25-29.99 kg/m^■ 
and obese, > 30 kg/m^) [22]. 

Clinical measurements and treatment 

The clinical periodontal parameters measured included the per- 
centages of sites that bled on probing (BOP), in addition to the 
visible plaque index, probing depth (PD), and CAL. The PD and CAL 
were recorded at six sites per tooth (mesiobuccai, midbuecal, dis- 
tobuccal, mesiolingual, midlingual, and distolingual), except for 
third molars. A periodontal computerized probe (Florida Probe, 
Gainesville, FL, USA) was used together with a silicone stent (1.0- 
mm plates) (Bio Art, Sao Paulo, Brazil). The measurements were re- 
corded at TO, T1, and T2. There was an intraexaminer concordance 
of 98% within the interval of ±0.5 mm for the PD and CAL mea- 
surements. 

After baseline examinations, patients received nonsurgical peri- 
odontal treatment, which consisted of oral hygiene instructions 
and supra- and subgingival debridement (SRP) under local anesthe- 
sia. The treatment was performed by an experienced periodontist 
(G.L.M.) with manual (Gracey and McCall curettes, Hu-Friedy, Chi- 
cago, IL, USA) and ultrasonic (Cavitron select, Dentsply, York, PA, 
USA) instruments. On average, the treatment took four 50-minute 
sessions carried out once a week. Re-evaluations were performed 
every four months after baseline during the 1 2 months. 

Blood collection 

The patients were instructed not to eat for 12 hours before sam- 
ple collection. Blood samples (20 mL) were obtained in the morn- 
ing (not later than 8 AM) by venous puncture. Four milliliters were 
transferred to glass tubes containing 7.2-mg K2-ethyIenediamine- 
tetraacetic acid (K2-EDTA; BD Vacutainer, Franklin Lakes, NJ, USA) 
for glycated hemoglobin and blood count. Another 4 mL were 
transferred to glass tubes with 6 mg of NaF and 12 mg Na2EDTA 
(BD Vacutainer) for glucose analysis. Eight milliliters were trans- 
ferred to clot activator glass tubes (BD Vacutainer) for lipid profile, 
high-sensitivity C-reactive protein, insulin and (jj-3 and co-6 LC- 
PUFA (EPA, DHA, DPA, and AA). All of the samples were immedi- 
ately centrifuged for 5 minutes, except the K2-EDTA, and used for 
immediate analysis or stored at -70°C. Blood collection was carried 
outatT0,T1,andT2. 



Laboratory assays 

Plasma glucose, triacylglycerols, total cholesterol, high-density 
lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol 
(LDL-c), very-low-density lipoprotein cholesterol (VLDL-c), glycated 
hemoglobin, insulin, and leukocyte counts were measured using an 
automatic analyzer (OLE Medicina Laboratorial, Rio de Janeiro, 
Brazil). CRP levels were determined using a highly sensitive immu- 
noturbidimetric assay (DiaSys Diagnostic Systems, Holzheim, Ger- 
many). LC-PFAs in serum were analyzed after the extraction of lip- 
ids, and oxidation was prevented by the addition of butylated hy- 
droxytoluene. The organic phase containing total lipids was dried 
under nitrogen flow and the residue was methylated. LC-PUFAs in 
serum were analyzed by gas chromatography. The identification 
and quantification of gas chromatographic peaks of fatty-acid 
methyl esters were performed using a commercial standard (Su- 
pelco, Bellefonte, PA, USA). 

Statistical analysis 

Age and BMI are presented as mean and standard deviation, 
while the other data are presented as median and interquartile 
range (IQR). Clinical data were obtained from six sites per tooth in 
each patient at baseline and after periodontal therapy, at 4 and 12 
months, and the median and IQR were calculated in the percent- 
age of sites from different consumption frequency categories in 
each group at each point in time. The categories were grouped ac- 
cording to their PDs into <3 (shallow), 4-5 (moderate), and >6 
(deep) mm and CAL into -1, 2-4, and >5 mm. The significance of 
differences between groups was calculated using the Mann-Whit- 
ney LZ-test. The significance of differences between groups by 
gender, race, and smoking status were tested using Fisher exact 
test. The significance of changes (Affinal value-initial value) in 
clinical, biological blood, and LC-PUFA serum data by the point in 
time were determined using the Wilcoxon rank sum test for each 
group. P-values <0.05 were considered to be significant. The cor- 
relation between clinical variables and serum levels of LC-PUFA 
were calculated with Spearman rho correlation coefficient. The 
statistical analyses were performed using IBM SPSS Statistics ver. 
19.0 (IBM Co., Armonk, NY, USA). 

RESULTS 

Demographic data and clinical outcome 

The demographic data indicated that both groups were similar 
regarding age, gender, smoking, race, and BMI (Table 1). The mean 
BMI was 27.9 ±2.4 and 27.5±3.3 kg/m^ in the test and placebo 
groups, respectively. All the participants were classified as over- 
weight (BMI, 25-29.99 kg/m^), except one patient in the test group 
who was eutrophic (BMI, 23.6 kg/m^), and two patients in the pla- 
cebo group, one on whom was eutrophic (BMI, 20.6 kg/m^) and 
other obese (BMI, 31.4 kg/m^). The FFQ showed that the estimated 
intake of co-3 LC-PUFA was lower than the 250 mg/day (DHA+EPA) 
recommended by the FAO/WHO for both groups before the study. 
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Table 1 . Demographic data in test and control groups at baseline. 



Variablfi 


Test 


Placebo 


GCP patient 


7 


8 


Gender 






Male'' 


3 


3 


Female 


4 


5 


Age''' (year), mean ±SD 


43.1 ±6.0 


46.1 ±11.6 


Race 






White"! 


3 


6 


Non-White 


4 


2 


Smoking 






Smolcer"' 


0 


1 


Nonsmoker 


7 


7 


BMI'''(kgM mean±SD 


27.9 ±2.4 


27.5±3.3 



GCP: generalized chronic periodontitis, SD: standard deviation, BMl: body mass index. 
"'No differences were found between the groups using Fisher exact test. '''No differences 
were found between the groups using the Mann-Whitney U-test. 



Therefore, the groups were considered to be homogeneous in rela- 
tion to the habitual intake of cjj-3 LC-PUFA (data not shown). 

The clinical periodontal parameters, percentage of sites from 
categories grouped according to their PDs into <3 (shallow), 4-5 
(moderate), and >6 mm (deep), and CAL into 0-1, 2-4, and >5 
mm, VIP, and BOP, showed that there were no significant differ- 
ences between test and placebo groups at TO. The PD and CAL had 
improved significantly in both groups after nonsurgical periodon- 
tal treatment at T1 and T2. The percentage of BOP-positive sites 
had fallen significantly in the placebo group at Tl and T2. No sig- 
nificant differences in clinical periodontal parameters were found 
between the test and placebo groups after nonsurgical periodontal 
treatment at Tl and T2 (Table 2). 

LC-PUFA serum levels 

At baseline, no significant differences in DHA, DPA, EPA, or AA 
were observed between the groups. After four months, the test 
group showed a significant reduction in DPA and AA (P<0.05). The 
placebo group showed a significant reduction in DHA, DPA, EPA, 
and AA at Tl (P<0.05). No significant differences were found be- 
tween the test and placebo groups in ADHA, ADPA, AEPA, or AAA 
atTl-T0(Table3, Fig. 1). 

After 12 months, EPA and AA had increased significantly, where- 
as DPA had decreased significantly compared to TO in the test 
group (P<0.05). The placebo group showed a significant reduction 
in DPA and a significant increase in AA at T2 compared to TO [P< 
0.05). The AEPA was significantly higher in the test compared to 
the placebo group at T2-T0 (P= 0.021). No significant differences 
were found in ADHA, ADPA, or AAA at T2-T0 between the test and 
placebo groups (Table 3, Fig. 1). The ACAL showed a significant 
positive correlation with the ADPA level at Tl and T2 (r=0.7, P= 
0.01). The other parameters did not show any significant correla- 



Table 2. The median (IQR) in the percentage of sites from different categories 
in the test and placebo groups at baseline (TO), 4 months (Tl), and 12 months 
(T2). 



Variable Category 


Point in 


Test(n = 7) 


Placebo (n = 8) 


time 


Count 


Median (IQR) 


Count Median (IQR) 


PD Shallow 


TO 


953 


64 0 l?7 0) 


1,098 


63.5(24.5) 


(<3 mm) 


Tl 


1,211 


91.0(16.0) 


1,377 


93.5(10.5) 




T2 


887 


89.0(7.0) 


1,212 


93.0(6.5) 




ATI -TO 




19.0(16.0)* 




20.5(17.5)* 




/\T2-T0 




21.0(25.0)* 




25.0(18.0)* 


Moderate 


TO 


287 


17.0(11.0) 


318 


28.0(20.5) 


(4-5 mm) 


Tl 


134 


7.0(9.0) 


120 


5.5(9.0) 




T2 


101 


9.0(3.0) 


80 


6.0(5.5) 




ATI -TO 




-6.0(10.0)* 




-11.5(14.0)* 




AT2-T0 




-5.0(14.0)* 




-17.0(13.5)* 


Deep 


TO 


145 


8.0(18.0) 


105 


6.0(7.5) 


(>6 mm) 


Tl 


40 


2.0(8.0) 


24 


1.0(2.5) 




T2 


25 


1.0(5.0) 


7 


0.0(1.0) 




ATI -TO 




-8.0(12.0)* 




^.5(6.0)* 




AT2-T0 




-7.0(19.0)* 




-5.5(8.5)* 


CAL 0-1 mm 


TO 


772 


56.0(21.0) 


820 


52.5(28.0) 




Tl 


941 


68.0 (30.0) 


1,038 


68.5(30.5) 




T2 


673 


69.0(29.0) 


954 


75.0(29.5) 




ATI -TO 




7.0(11.0)* 




13.0(13.0)* 




AT2-T0 




8.0(17.0)* 




16.0(15.5)* 


2-4 mm 


TO 


423 


28.0(15.0) 


560 


39.5(19.0) 




Tl 


326 


28.0(14.0) 


395 


26.0(26.5) 




T2 


243 


23.0(22.0) 


285 


20.0(20.5) 




ATI -TO 




^.0(10.0) 




-9.0(9.5)* 




AT2-T0 




-6.0(16.0) 




-15.5(11.5)* 


>5 mm 


TO 


190 


10.0(12.0) 


141 


8.5(9.0) 




Tl 


118 


6.0(5.0) 


88 


4.0(8.0) 




T2 


97 


8.0(7.0) 


60 


4.0(9.5) 




ATI -TO 




-6.0(8.0)* 




-2.0(4.5)* 




AT2-T0 




-3.0(9.0)* 




-2.0(2.5)* 


VPI 


TO 


878 


65.0(54.0) 


858 


65.0(14.5) 




Tl 


697 


51.0(18.0) 


730 


45.0(48.5) 




T2 


463 


40.0(36.0) 


608 


49.0(35.0) 




ATI -TO 




-15.0(54.0) 




-26.0(59.0) 




AT2-T0 




-18.0(50.0)* 




-14.5(18.0)* 


BOP 


TO 


293 


13.7(30.0) 


227 


20.4(16.8) 




Tl 


117 


8.0(20.0) 


98 


6.5(10.0) 




T2 


47 


3.0(9.0) 


26 


0.5(3.0) 




ATI -TO 




-5.7(15.4) 




-14.2(13.5)* 




AT2-T0 




-14.0(38.0) 




-14.5(14.0)* 



The category sites were grouped according to their PDs into < 3 (shallow), 4-5 (moderate), 
and > 6 (deep) mm and CAL into 0-1 , 2-4, and > 5 mm. 

The number of total sites in the test group was 1 ,385, 1 ,385, and 1 ,01 3, and in the placebo 

group was 1 ,521 , 1 ,521 , and 1 ,299, respectively at TO, Tl , and T2. 

No differences were found between the groups (Mann-Whitney U-test). 

IQR: interquartile range, PD: probing depth, CAL: clinical attachment level, VPI: visible 

plaque index, BOP: bleeding on probing. 

*P<0.05 compared the changes (A) atTO-TI and T0-T2 in the test and placebo groups 
(Wilcoxon rank sum test). 
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Table 3. The median (IQR) serum level of LC-PUFA (fjM/L) and the tj-6/tj-3 
LC-PUFA ratios in the test and placebo groups at baseline (TO), 4 (T1), and 12 
(T2) months. 



Variable 


Point in time 


Test(n = 7) 


Placebo (n = 8) 


P-value°' 


EPA(C20:5u3) 


TO 


53.2(22.2) 


52.0(30.8) 


0.779 




T1 


54.2(61.5) 


20.2(14.9) 


0.121 




T2 


238.1 (255.1) 


95.9(81.0) 


0.014 




ATI -TO 


-20.8(38.5) 


-33.2(24.1)" 


0.094 




/\T2-T0 


139.2(269.7)' 


36.6(75.7) 


0.021 


DHA(C22:6(j3) 


TO 


221.6(150.7) 


234.3(215.7) 


0.867 




T1 


186.9(174.8) 


88.6(84.1) 


0.189 




T2 


386.6(267.9) 


214.6(185.7) 


0.054 




ATI -TO 


-102.8(203.4) 


-141.1 (158.1)" 


0.189 




AT2-T0 


91.1 (298.9) 


-20.0(63.8) 


0.054 


DPA(C22;5u3) 


TO 


66.2(51.5) 


53.3(32.2) 


0.336 




T1 


24.8(27.5) 


15.1 (14.4) 


0.232 




T2 


10.5(8.9) 


10.0(8.2) 


0.779 




ATI -TO 


-33.2(38.5)* 


-29.8(24.1)* 


0.694 




AT2-T0 


-55.7 (36.3)* 


-46.7 (32.1)* 


0.232 


AA(C20:4(j6) 


TO 


1,045.4(445.0) 


900.3(562.0) 


0.613 




T1 


324.2(404.0) 


455.2(291.0) 


0.779 




T2 


1,422.1 (259.4) 


1,473.0(1243.1) 


0.100 




ATI -TO 


-722.9(715.6)* 


^26.1 (456.1)* 


0.779 




AT2-T0 


449.3(390.1)* 


545.2(677.2)* 


0.955 


AA/EPA 


TO 


21.5(4.5) 


17.2(3.9) 


0.189 




T1 


13.2(7.7) 


22.3(10.7) 


0.014 




T2 


5.4(7.0) 


19.1 (8.7) 


0.014 




ATI -TO 


-8.0(7.1)* 


4.4(3.5)* 


0.001 




AT2-T0 


-10.6(12.2)* 


-1.4(14.7) 


0.021 


AA/DHA 


TO 


4.6(1.8) 


3.6(0.7) 


0.094 




T1 


2.7(1.3) 


3.6(0.9) 


0.009 




T2 


3.8(2.6) 


5.0(2.0) 


0.121 




ATI -TO 


-1.5(2.4)* 


0.3(0.9)* 


0.001 




AT2-T0 


-0.8(1.9) 


1.0(2.8)* 


0.040 


AA/DPA 


TO 


15.7(13.4) 


19.9(13.1) 


0.281 




T1 


18.3(3.5) 


27.9(18.7) 


0.152 




T2 


114.5(108.0) 


150.9(96.7) 


0.536 




ATI -TO 


2.6(10.5) 


4.9(18.4) 


0.463 




AT2-T0 


104.6(115.5)* 


130.7(88.7)* 


0.613 



Values are presented as median (IQR). 

IQR: interquartile range, LC-PUFA: long chain-polyunsaturated fatty acids, EPA: eico- 
sapentaenoic acid, DHA: docosahexaenoic acid, DPA: docosapentaenoic acid, AA: 
arachidonic acid. 

"Compared test and placebo groups (Mann-Whitney U-test). *P<0.05 compared the 
changes (A) at T0-T1 and T0-T2 in test and placebo groups (Wilcoxon rank sum test). 



tion (data not shown). 

Regarding the ratios, no significant differences between the test 
and placebo groups in AA/EPA, AA/DHA, and AA/DPA at baseline 
were observed. In the test group, the AA/EPA and AA/DHA ratios 
had been reduced significantly at T1 (P<0.05). However, in the 
placebo group, the AA/DHA and AA/EPA ratios had increased sig- 
nificantly at T1 (P<0.05). After 12 months, in the test group, the 
AA/EPA ratio had decreased significantly, whereas AA/DPA had in- 
creased significantly compared to TO (P<0.05). In the placebo 
group, the AA/DHA and AA/DPA ratios had increased significantly 
compared to TO (P<0.05). The AAA/EPA and AAA/DHA ratios had 
decreased significantly in the test compared to the placebo group 
atTI-TO (P=0.001) andT2-T0 (P<0.05) (Table 3, Fig. 2). 

Biological blood parameters 

Similar biological blood parameters were observed between the 
test and placebo groups at TO. The test group showed a significant 
reduction in LDL level atTI (P<0.05). The placebo group showed a 
significant increase in HDL level atTI (P<0.05). After 12 months, 
the insulin level had increased significantly both in the test and 
placebo groups (P<0.05). In contrast, glycated hemoglobin had in- 
creased significantly only in the test group (P<0.05). No differenc- 
es in the change in biological blood parameters were found be- 
tween the test and placebo groups at Tl-TO and T2-T0 (Table 4). 

DISCUSSION 

In the present study, supplementation significantly increased the 
EPA level and decreased the AA/EPA ratio in serum after one year 
of nonsurgical periodontal therapy. However, this change in serum 
levels had no effect on the clinical outcome of the periodontal 
treatment. Our finding of higher serum levels of EPA is in agree- 
ment with several earlier studies in both healthy subjects and in 
patients with renal disease or rheumatoid arthritis [7,8,23]. High 
serum EPA is important to stimulate the expression of EPA-derived 
resolvin El, a well-known proresolving lipid mediator very impor- 
tant during the inflammatory resolution process [24]. 

The AA/EPA ratio reached mean levels of 7:1 in the test group, 
which is quite similar to the one found in populations with a Med- 
iterranean diet [25]. On the other hand, this ratio remained very 
high in the placebo group (18:1). Experimental evidence indicates 
that the optimum ratio between u-G and cjj-3 should be close to 
4:1-5:1, and not exceeding 10:1 for the promotion of health and 
longevity [26-29]. 

The clinical analysis of periodontal status failed to demonstrate 
any difference between test and placebo groups even after one 
year of dietary 10-3 LC-PUFA supplementation, which is in agree- 
ment with our previous results [4] and with Rosenstein et al. [30], 
both with a shorter period of supplementation. 

We were not able to find significant differences between the 
groups regarding any of the blood parameters measured. However, 
the test group showed a significant reduction in LDL level at Tl, 
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Figure 1. The omega (cjj)-3 and (jJ-6 long chain-polyunsaturated fatty acids (|jM/L) serum levels for patients in placebo and test groups at baseline, four, and 12 
months are presented. Eicosapentaenoic acid levels (EPA) in test (A) and in placebo group (B). Docosahexaenoic acid (DHA) levels in test (C) and in placebo 
group (D). Docosapentaenoic acid (DPA) levels in test (E) and in placebo group (F). Arachidonic acid (AA) levels for patients in test (G) and in placebo (H) group. 
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Figure 2. The omega (co)-6/(jJ-3 and arachidonic acid (AA)/LALC-PUFA ratio in serum levels (pM/L) for patients in placebo and test groups at baseline, four, and 
12 months are presented. AA/eicosapentaenoic acid levels (EPA) serum levels in test group (A) and in placebo group (B). AA/docosahexaenoic acid (DHA) serum 
levels in test group (C) and in placebo group (D). AA/docosapentaenoic acid (DPA) serum levels in group test (E) and in placebo group (F). 



and increased insulin and glycated hemoglobin after 12 months. 
Our results are somewhat in agreement with previous studies that 
have reported an unfavorable effect or no effect of u)-3 PUFA on 
glucose metabolism [31,32]. Others have shown that DHA supple- 
mentation Increases HDL and LDL, and reduces triglyceride [33,34]. 

Our present study does not support the concept of dietary sup- 
plementation with a)-3 in order to Improve clinical healing after 
periodontal therapy. It is possible that the outcome of periodontal 
treatment Is mainly dependent on local conditions. The additional 
anti-Inflammatory effect of the w-3 PUFA might be so small that 
It was not clinically measurable, or perhaps for clinical observa- 



tions a greater sample size could have provided more consistent 
evidence. Although It Is quite difficult to follow a greater number 
of patients for a long period, the present pilot study might encour- 
age more Investigations In this field. There are two earlier studies 
reporting a clinical effect but both studies combined the cjj-3 
PUFA with low doses of aspirin [6,7], which changes the main ob- 
ject of the study from supplementation to a more complex situa- 
tion Including medication. 

In conclusion, nonsurgical periodontal treatment combined with 
10-3 supplementation significantly Increased the EPA levels and 
decreased the AA/EPA ratio In serum after one year follow-up. 
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Table 4. The median (IQR) for biological blood parameters in the test and pla- 
cebo groups at baseline (TO), 4 (T1) and 12 (T2) months. 



Variable 


Point in time 


Test(n = 7) 


Placebo(n = 8) 


Triglyceride (mg/dL) 


TO 


98.0 (97.0) 


91.0(76.0} 




T1 


7R n /ifi'^ ni 

/O.U \ 1 Uo.U/ 


117 R /RR Rl 
1 1 / .0 \00.0/ 
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niii7 ni 


1 1 Q n (QA Rl 
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1 O.U \00.U/ 




A T9 Tn 

lA 1 Z 1 u 


in n /RR n\ 


1 R /AR Rl 
1 .0 \4u.0f 


LiMUIcbLUIUI \[IILj/UL/ 


TO 


91R n /R? n\ 

Z. 1 O.U \oz.u/ 


1 R7 R /AQ Rl 
1 0/ .0 \^u.O/ 




T1 




1RR R /RR ni 

1 O J.O \OU.U; 




T2 


IQR n (RQ ni 


1 RR R /7n ni 

1 UU.U \ 1 U.U/ 






-Id n (?R ni 


1 7 R /AR ni 

1 / .U \H-U.U; 




A T2-T0 


-?n n (RR ni 


7 R /RR Rt 

/ .U \OU.U; 


HDI fmn/HI 1 

1 lUL ^1 1 ILJ/ULJ 


TO 


4d n (in ni 


An n /RiQ Ri 




Tl 


4j.U \ZZ.U/ 


AR n /IP ni 

fO.U \ 1 U.U/ 




T2 


4"^ n i?o 01 


AQ n /?n Ri 




ATI -TO 


-1.0 (12.0) 


9.0 (8.0)* 




A T2— TO 


1 n /14 ni 

1 .U \ 1 4.U/ 


4 0 (9 0) 


1 ni (mn/rll 1 


TO 


1RR n (Rd ni 


11R n /RA Rt 

1 1 U.U \ OH.U; 




Tl 


1 Z J.U \Z4.U/ 


1 1 R R /A? ni 

1 1 D.O \f Z.U/ 




T2 


n (4q n) 

1 U / .U \*-tJ.\JI 


11R 0 /R1 01 

1 1 U.U \U 1 .U/ 




/\ jl_"|"0 


-in n ni* 

1 U.U \0 J.Uf 


7 5 (37 5) 




A T2— TO 


—1 1 n (RR ni 

— 1 1 .U \Uu.U| 


R R /AR ni 
J.O \^o.u/ 


\/l ni (mn/HI \ 
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1 u 
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zu.u \ 1 y.ui 


1R n /1R ni 

1 O.U \ 1 O.U/ 




Tl 


m n (RR ni 

1 U.U \ Ju.U/ 


9R R /1 1 ni 

Zu.O \ 1 1 .U/ 




T2 


17 n (94 ni 

1 / .U \£.H.\Jf 


9R R /1Q nt 

iU.U \ 1 U.U/ 




ATI -TO 


-2.0 {9.0} 


4.0 (7.0) 




A T2— TO 


— A n /1R ni 

M-.U \ 1 U.U/ 


-0 5 (8 0) 


Hq-PRP fmn/fil 1 
1 lo ir iiiiij/ULf 


TO 


0 1 (0 3} 


0 2 (0 7) 




Tl 


0 1 (0 4) 


0 4 (0 8) 




T2 


0 2 (0 3) 


03 (0 4) 




/\I1_J0 


0 0 (0 1) 


0 0 (0 3) 




A T2-T0 


0 0 (0 2} 


0 0 (0 1) 


LdUliULyLcc* (/IIMII / 


TO 


R RRn n /? Rnn ni 
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7 Ri R n /9 RRn ni 
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R 9RR n /R iRn ni 

D.Zuu.U \ J, luU.U/ 
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7 R7n n (7 Ron oi 

/ ,UiU.U \i.,UUU.U/ 


7 ?Rn 0 /? Q7R ni 






-?in n (7RR Ri 

i. 1 U.U \ / uu.u/ 


ARR n /ARQ Al 




A T2-T0 


-?Rn n (1 nRH ni 
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PI 


Tn 

1 u 
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R R /n Rl 

0.0 [u.Jj 


( /onUM 1 L) 


Tl 


R R /n 71 

O.D f 


R R /n Al 

O.U [uMj 




T2 


5.6(0.6) 


5.7(0.5) 




ATl-TO 


0.0(0.1} 


0.0(0.2) 




AT2-T0 


0.1 (0.2}* 


0.1 (0.4) 


Insulin (mcUI/mL) 


TO 


7.0(5.2} 


3.2 (7.2) 




Tl 


7.4(7.4} 


11.0(7.4) 




T2 


13.2(9.3} 


12.6(15.3) 




ATl-TO 


3.4(5.7} 


48 (8.0) 




AT2-T0 


5.9(7.3}* 


9.5(13.2)* 


Glucose (mg/dL) 


TO 


102.0(8.0} 


91.5(11.5) 




Tl 


98.0(11.0) 


96.5(18.0) 




T2 


102.0(15.0) 


94.5(11.5) 




ATl-TO 


-1.0(7.0} 


3.0(11.5) 




AT2-T0 


0.0(15.0) 


2.5(9.5) 



Values are presented as median (IQR). 

IQR; interquartile range, HDL: high-density lipoprotein, LDL; low-density lipoprotein, 

VLDL: very-low-density lipoprotein, hs-CRP: high-sensitivity C-reactive protein. 

No differences were found between the groups (Mann-Whitney tZ-test). 

*P<0.05 compared the changes (A) at T0-T1 and T0-T2 in test and placebo groups 

(Wilcoxon rank sum test). 



However, no effect on the clinical outcome of periodontal tlierapy 
was observed. 
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